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1. IIltrodllc.tie]]

in o r b i t  a b o v e  tllc l’;arth’s  atlnos])lmrc, the c.ombinatiol~  of tllc WFI’C2  al)cl t}m IIubb]c  Slmc
‘J’clcscqm ]Jloviclesigllificallt  advantar,cx in obscrvatfiollso  fcrc)~v(lccl  and complex fields, access to

familiar detail  in more clistant objccis,  higl) contrast across slnall  spatial scales, a large field of view
cmn])arcd  to cxpcctatiom  for ground-based ada])tivc olJtical systems at visib]c wqvc]cngths,  and
IIigl] resolution imaging at lJV wavclcngtlls sllortward  of tl]c l’kirtll’s  atlnos])lleric  cutof~. Wit]] t,l]c
c.()]]lll-lc]lcclllc]]t  of C,yclc 4 olmmatiol~s  early this year, tllc: 11 S’1’ G cmcra]  observer community IIas
Lwgu]] using the W]”] ‘C2 to address a clivcrsc  range of astrollolnical  ]mograms.

W F1’C2 incorporates intcrna]  ol)tical  corrections for the abmatcd  }Iubb]c  ]wimary lnirror,  as W C]]
as new dcwclopnmnts in CC])  scmors,  signal chain electronics, optical filters, (JV pcrfor]nancc,  and
nmasurcs  have been taken to improve the calibration of tllc instrument and olwrationa]  cfficic~~cy.
l]] brief, tlm WFI’C2  specifications call for a scicntifica]ly  ca])ablc  camera Configurccl  for continuous
operation in space with a minimuln  of maintenance and o})erational  ovmhcaci.  ‘1’hc  W]”] ‘C2 lct)ains
a strong  cnginccring  heritage froln the original WF/1’C,  aclclrcsscs  essentially the same qualAitativc
scibllcc  goals (rl’raugm ct al. 1992), and  facilitate% tllc science programs once intended for tllc

Wl{’/l’C ill earlier ]moposal  Cycles  (Wcstphal  c1 al. 1982).

]nstrumcmt  calibrations arc an ongoi~]g  activity. Our  first knowledge of the intcgratcc]  instrulncmt
came from systcm  ICVCJ tllcrl~lal-vacllll~ll  tests  (’1 ‘VrJ’) at J]’1, in 1993 April. May and WM rcportd
in a ‘W1’’I’C!2 Science Calibration l{cport) submitted to NASA and tllc S’J’SC1 ill 1993 Novcml)cx
by tlm WF1’C2 scicncc team (’JYaugcr ct al. 1993). ~’l]c  clctailecl  analysis of early WF1’C2  on-
orbit calibrations will appear in a number  of fort] lcoming;  reports: an early sulomary  of WF1 ‘C2
calibration status (Iloltzman  ct al. 1994), a rcvisioll  of the clctailccl  1993 November rq)ort,  and
additional l)apers  on WF1’C2 photometry, image quality, and CC])  ]mrformancc, ‘J’hc instrumcld,
charactcxistics  as known in 1994 h4arch  arc clctailcd  for tlm General  Observer in the W14’1’C2
instrument IIandbook  (l~urrows  ct al. 1994).

2. C)pt,ica] Systmn

‘1’lic  WFI’C2  ficlcl  of view is dividccl  into four contiguous subficlcls  by a I)yramid  lnirror  near tllc
IIS’J’ focal plane, and tllcsc four subfields am ilnap;cd l)Y separate casscgrail)  relay ca~ncras and
CC])  scmsors.  ‘3’l]c strategy for correction of tllc IIubblc  almratiol]  ]nmcrvcs tlm basic o])tical
Collfiguratic)ll  of W}”/1 ‘C, but wit]] a cmrcxiive  figure acldcd  to tllc rc]ay secondary lnirrors  ancl
substantially tighter rcquircmcllts  for o])tical  alip,n)ncnt.  IJc)nallcls  of budget ancl schedu]c forccc]  a
reduction in SCO])C of tllc W14’I’C2  illstrunmnt  in 1991 Allp,ustl  resulting in a reduction ill numlmr of
Iclay cameras and CC] )s. ‘J’l]crc arc fc)llr  sets of rc:]ay  cq)tics a~]cl CC])  SC] ISO]S  ill Wl~’1’C2,  rat]lcr
than t]lc c!ig]lt  in the c)rigina] Wl~/l’(;  . ‘J’lwcc  of thc!sc  rc]ay CM IIC!I’[LS  ]n’ovicfc  we!]]-corrcctcc] imagi!]f,
wit]] a foca] ratio of f/1 2.9 (w]’’(;), allcl t]~c foul t]l is ~~’(!]]-corl(:[:tc[]  at f/28.3 (] ’C;). ‘J’]ic ])yralnid
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lnirror  rotation mccllanisll]  Ilas bmi clil]linatcd,  and  tlic four ca]ncras  are now ])crmanmltly  ailncx]
at colkip,uom fields  of view. ‘J’hc camcms  arc dcllotcd  1 ‘C], WFC2,  WlK;3} and WF’C4. Four

articulated mirror  mounts have bccll added to allow fillc alip,nmcmt  of tl]c o])tics omorbit.

A number  of inclcpcndent al]alyscs  ill late 1990 and early 1991 ])rovidcd  an accuratz  ]mcscri]d,ion
for the W F] ‘C2 corrcciivc optics, based on star images obtained wit] 1 WI”/1 ‘C a~~d F(K OIV orbit
ancl examination of the mc~rology fixtures used during  the final figuring of tllc llSrJ’  ]wimary mirror
(Vaughan I 991). We learned tl)at the surface of tllc ])rimary  Inirror  was figured to the incorrect
conic. constant - 1.013940.0005 ratlm than Llm - 1.0023 dcsigl~  s}mcific.ation,  resultinp,  in a large
amount of s]herical  aberration. IIy design, WF1’C2 creates ilnagcs of the lIubMc’s exit ]Ju])il

(essentially images of tllc abmatcd  }nimary mirror) ~lcar tlm surfaces of its four relay casscgrail]
secondary mirrors. ‘J’his  dcsigu  was originally intcl~clcd  to minimize vigncttil]g,  in tl~c relay o])tics,
but for WIO’C2 the superposition of the exit pu])il  ilnage (complete with its abcrratcd  wavcfront)
on tllc relay secondaries serves an additional ~)ur] JOSC. ‘J’hc optical figure of the WFI’C2  secondary
mirrcm have been modified with the acldition  of a compensating ‘error’ in conic constant.

Strict new rccluircmcnts on optical alignment were crcatccl  by the stcc]) corrective figure on the
secondary mirrors, With the ccmcctivc prescription for spherical aberration ])olishcd into the
relay assemblies, small optical lnisalignmcnt,s  reveal tllcmsclvcs  as coma in star ilnagcs al)d can
bc clilni~latccl  wit]) pickoff and fold mirror adjustments. Four new mcchanislns  were int! oduccd  in
W] ’’]’C2 to ]novidc fine a]ignmcllt :LS rcquircc] on-orbit. ‘J’llc 47’0 pickoff  mirror  wa~ givcll  30.25° ti])-
tilt capabilities with tllc adc]ition c)f a f]cxurc mc~llal]isln  driven by Stc])})cr  motors, to compcl]satlc
for ]nc-]auncl) uncertainties in tllc instrument orientation (Iatcl] positions) relative to to the IIubblc
o])tical  axis. Suc]l uncertainties would be insignificallt  in an unabcrratcd  tclcsco])c,  but arc critical
in the corl:cctivc  optical systcm. ]n adclition, tlmcc  of the four optical trains (in the 1’CI, W1W3,
and WJW4) include internal folcl mirror  mechanisms, with tip-tilt motions up to +0.06°  provided
by innovative clcctrostrictivc  ceramic actuators within invar flcxurc mountings. ‘J’l]c pickofI and
folc] mirror mechanisms assure  accurate supcrpositiol]  of tllc exit pupil images and the corrective
o})tics  by ])rovicling  adjustment ranges  up to d 21 Yo al)d ~ 4.8% of tl]c ])u])il  diameters rcs])cctivcly.

2.1. On-orbit  Adjustments

1 ‘ickofl’  mirror adjustments were lnaclc  ill 1993 I )ccc]nbcr  based o]] star images taken with a raster
of l)ickofl’  )nirror  ])c)sitions,  for a filial  corrcctio]l of 1.6% of tllc ])ul)il dia~nctcr froln tllc I:LUIICII
positicm.  IJina]  adjustlnc)lt  of tl)c tl)rcc fold mirrors was complctcd  on tllc basis of ])ha.sc retrieval
analysis of star ilnagcs  at 0.502 and 0.953 Ii]n takcll as far as :{ 40 ]n]])  from ]]olllinal  ]lSrJ’ focus in
1994 March. l~ollowing  this final  adjustlncnt,  t])c ])u])ils  were ofl’set froln tllcir ])rclaullcl)  ])ositiom

by 0.49Y0, 0.72% and 0.18% ])u])i]  dialncters  in the 1’CI, w]~J’C3, and W]{’C4 rcspcctivc]y. 1 ,Css

than 15% c)f tl)c availal)lc  t,i])/tilt ral]~,w+ were required, Collfirmill?,  tl)c accuracy c)f our knowlc!df,c
of tllc tclcsco])c  mctro]ogy,  tllc success of tllc }Jrclaullcl)  il)strull)cllt  ali~,lllllcllt,  and tlic strllctllral
il}tcgrity  of tllc instrument.
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‘J’hc ol~tical  wavcfront, quality of tllc W14’1’C2  slid 1 lSrJ’ i]] o]mratioll  togctllcr  was clct,er]nincd  froln

tJm far-f roll-focus  illlagcs in tcmm  of Zcrnikc }mlylmnials.  l’;xc]mivc of focus aIId coma t,m ]ns, t]m
residual wavcfmnt,  arms were 0.029, 0.029, 0.034, and 0.037 1(11]  I{ MS. 1~’ollowing  on-orbit o~)tical
aligntnm]t,  tlm lna.f,nitudc  of colna is comparable to IIlcasmmncmt  mm’s  of NO.005 pm ItMS. As
]ncasurcd  in systcni  level tests and confirmed oll-orbit, tllc clominant wavcfront crrcm in WIJ’1’C2
arc the discrepancies Imtwccl]  focus ])ositions in tlm four individual  relay assclnb]ics,  cqoivalcnt to
- 0.032, 0.009, 0.032, and 0.016 ~(nl I{MS rcs]mtivcly  relative to tllc mid])oilit  of all four in the
f/24 bcaln.  ‘JIIIC Wl~l’C2  contains no illtcmal  foclls mcc]]a)lisln,  and instcac]  dc})cncls  o]] tllc llSrJ’
focus wllicll  IIas been ])ositioncd for t]lc Lest in]ag,illt,  ill the I’CI.  llSrJ’ focus wwics in response
to solar illumination on its external structure by as ]nuch as 30.4  mm (:1 0.011 Iml I{ MS) ill a 96
lninutc  orbit. ‘J’IIc current focus clloicc with WII’I ‘C? opt,ilnizcd  for the 1’C1 miniloizcs sc}lsitivity
to llSrJ’  focus shifts in the best-sam]dcd focal l)lanc at tllc cost of com]womisin~;  the focus in the
WFCS. ] )UC to undcrsamplin~  in tllc WFCS, this  will l]avc little iln])act o]] scicncc  observations.

3. ]1’ow1 ]’]ane  aIId C{;] I Charactcrist,ics

‘J’hc characteristics of tllc CC])  sensors am central to the ficlclity  of tl)c convcrsio])  of images fonncd
by ]IS’J’ a~d WF1’C2 optics to digital signals. ‘J’lIc CC1)S for WFJ’C2  WCIC ncw]y manufactured by
1,oral in 1991, then lmoccssccl  and ~)ackagcc] for flight at J 1‘1,. ‘J’l]csc  differ significantly from W1’’/C’C
dcviccs built  by ‘J’cxas  lnstrumc]lts  in 1980. ‘J’l]c WII’/1 ‘C pixc] format (8002, 15X] 5 ~Ln~ l)ixcls)  ]la.s
been prcscrvcd  in the WFPC2 CC] )s in order to maintain compatibility with the existing W} ’’/C’C

data intcrfacc. ‘J’]lc  l)CW Cc!] )S arc su])crior to tllc WJI’/l’C  clcviccs  in many areas important for

a well-calibrated instrument on-orbit. “J’hc absolute quantum efficiency (Q]’])  is lower at visible
wavclcllgtlls, llowcvcr,  m a conscqucncc  of frontsidc  illu)nination,  since tllc incident light  must, pass
through  a ])olysilicon  gate stmcturc  overlying tllc ~Ql OIml thick active silicon layer. ‘J’hc CC])
Q}~;s arc stab]c  over time, do not require lnassivc (JV flooding or other cxtcrna]  infiucnccs  for Q]’;
)naintcl)ancc,  al)d tllc Q]{; is accuratc]y  repeatable followil)g  tl)crmal  cycles. l,ahoratory  tests find
]]0 cvidcncc  for Qll hysteresis, which would lnanifcst  itself as Q1’; variations on time scales of seconds
to hours ill rcs])onsc  to ]wcviom exposure liistory. ],incar  (full- wc]l) ca])acity  for tllcsc dcviccs  is
a]j])roxilnatcly  70000 clcct,rons/pixel. ‘J ‘lIC cxccss  cllargc in CICC]  ) ovcrcx])osurcs  is consc]  vcd ancl

contained (’bloomed’) witl)il] t}lc  CC])  column of origin. ‘J ‘hc CC] )s Iccovcr quickly fro]n deep
ovcrcx])osurcs (100 times full-wcl] or more), sllc)willg  ])0 measurable rcsiclual  ilnagcs  in lo]lg clark
Cxl)osurcs a l)alf  ]]our after tljc ovcrcx])osurc. ‘J’IIc  front surface is ovcrcoatcd wit]] a stable lulnogcn
])llos])l]or  (C221 116N202),  which serves as tl)c ])rilnary  dctcctioll  ~ncdium for ]Jllotol~s sl]ortward  of
NO.48 lf]n, co]wcrting  these to 0.51- ().58 11111 for dctcctioll  l)y tllc CC]).

‘J’lIc systc]n  read l]oisc is N5 c]cctrons  ]{MS ])cr ])ixcl. ‘J’wo indc])clldcllt sig)lal  chains ])rovidc 12-bit

digitimtion  of tlic CC]) cl]arg,c, with  a clloicc  c)f digitization ratios of citllcr 7 or 14 electrons/l )N.
‘J’l]c allalog-to-digits] cm)vcrtcr  (A1)C) errors })rcscllt  i)] WII’/1’~!  llavc  hcc]l  mostly cli~ninatcd  by
a timing  adj~]st]l]cllt,  hut  tlIc Al )(;s  still l]avc a systc]l]at,ic  tc]]dc]]cy to unducstin]atc  tllc signal
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by a fraction  of one l)N. A table c)f average AIJC ofl’sets versus 1 JN is availal)lc  for IISC in data
reductions.

3.1. ,Sam])ling  c)f tll]c Focal ] ’ lane

‘J’l]c WII’I’C2 pixc]  scales  are 0.0455 ancl 0.0996  arcscc/l)ixcl  at tllc ccntcrs  of the I’C and WIW
fields of view mspcctivcly. Since 65% or lnorc of a star’s energy falls witliil)  a 0.1 arcscc radius  at
visible wavelcngtl]s, star images arc s])at,ially  ~lllciclsa]]l])l[!(l  in t}lc  Wl”Cs ald to a lmscr degree in
tl)e }’C :Ls well,  in addition, tllc ]Jhysica]  bc)undarics  bctwccll ])ixels  arc intrinsically ‘soft’ duc to
tl]c details of structure and tllc cllargc collection process within the CC]).  ‘J’his  cflcctivcly  ICCIUCCS
])ixcl-to-])ixcl  contrast and M’J’F, an effect wllicll  is seen in botl} backsiclc and frontsidc  illulninatcx]

CC1)S  (Jordcn et al. 1994), and }ms bccm mmsumd  ill both W}I’I’C2 ‘l’V’J’ data and laboratory work
wit]] CCI)S idcntica] to the WI’’I’C2 dcviccs.  ‘J’lIc  combination of spatial undcrsampling  ancl  the
CC]) M’J’l° effects afl’ects  tl)c limiting sensitivities of tile W]”] ‘C2 cameras and must be considwcd
in the ]hotonlctry  proccdums.  For cxam~k, with pixc] dimcnsiolm  com])arablc  to the radius of star
images, a stat ccntcrcd  within a ])ixcl  produces a larger peak signal than the same star ])ositioncd
at a ])ixcl corner. G tlm other  hand, the M“J’F effect works to rccluce the cliffcrcncc  between t}msc

two cxtmnc  caws. The  irregularities duc to random sub-pixel positioning of star images can l)c
mitigated somewhat by obtaining i]nagc ])airs offset by n-l 0.5 ])ixcls,  wllcrc n is a small integer,
All tilings considcrcd,  tile limiting V magnitudcm for W}(’1’C2  are al.)out  27.5 and 28 in tl~c I’C and
WFCs  mspcctivcly  for S/N of 5 in a 2000 second cxposum

3.2. On-orbit Environmcmt  and CC]) Operational Acljustmcnts

‘J ‘Iic charged ])articlc environment at J IS’J”S orl)it  crcatcs  a llumbcr  of CC])  calibration pxoblcms
not cx]jcn-icnccd  on the ground, including tlm immccliatc cfrccts  of proton  and cosmic ray ionization
tracks, generation of C;CI ) ]Jixcls  wit}) incrmscd  dark  rates  (hot}  )ixcls),  and in the lo]]gcr  term
(years) charged particle disp]accmcnt  damar,c w])ich afIccts charge transfer cfIicicncy  (C’JY;)  and
bia$ ICVCIS (Ilopkinson  1994), ]n addition, t]]c outgassing  of lIIO]CCUlaI’  va])or contalninants  from
struct, urcs and  mechanisms in tllc focal ])lanc  area of tllc II S’J’  was a critical factor not well known
]Jrior to the scrvicinp,  mission. ‘J’llcsc  factors arc all aflcctcd by tllc CC])  o})cratil]g  tcm})craturc.
0]1-orbit  n~casurcn]cnts of llot])ixcls,  ])arallcl  C’JII’;,  ald tl]c acculnulation  rate of l“UV absorl)illg
lnolccular  conc]cnsatcs  011 tlIe cold CCl ) windows Sup,p,cstml  tl]at  a]] O])cratin?,  tmn})craturc  of - 88C)C
would prcwidc a bd,tcr  cnginccri]]~,  bala]lcc l)ctwccn  these co]]]]mti]lg  cflccts  tl]an tllc ori?,illal  sd,ting
of - 78°(1. ‘J’hc sctpoi]lt  was tllcrcforc  cllallgcd to - 88° C ill 1994 April, and will be t]lc nominal
o]mrating  ]nodc for tl]e forcsccab]c  future.

‘J’lle cfhccts  of protons and cosmic rays arc sil~]ilar  to tl]osc ill the WII’/l  ‘C Cx])[:ricmcc (WF’/l’C
]llvcstip,a,tion 1 )cfinitiol]  ‘J’ealn 1991). 11] W]”] ‘C2, al.)out  100 cosmic ray tracks arc dctcctcd  l)cr
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]JIinutc  outside of the SAA, .aflccting  abcmt 700 IJixcls.  1 lm)m 0.1 % of all ]Jixcls  arc aflcctcd  cwcm
in t,llc sllortcst  possible exposure tlill}c, Nearly 4% of all ])ixcls  will 1.)(: aflcctcd ill a 2000 second
Cxposurc. ‘.l’hc standard corrective measure is to ‘Cl{ s])lit’  long exposures into two or mor(!.

l’;ncrgctic  particles also gcncratc  ncw ])ixcls witl)  dark currents  statistically sigl~ificallt  aljovc tllc
no~nilla]  back~,rcmnd  rates, clcfincd as llotl)ixcds. ‘1’l]c WFI’C$? CCl)s  arrived on-orbit in 1993

lJcccllll~cr  witl]lllliforlll  Clark ratcsof ~0.(l13c:lcctrolls/]  Jixcl/sccat  - 78 °Cal)dillllrlccliatcly  bcgatl
dcvclopinp,  a ncw population of llotl)ixcls, ‘J’llcsc  l}c)t})ixcls  ])altially  allncal (Illlillg;tllccx])osllrcto

tcmlmatures  of 22°C during  the monthly CC]) IIlail]tcnallcc  warmu]) cycles, but do not cO1li])lctcly
msct  to tlm origina]  background dark rate. ‘J1llcl]~lllll.)crof  pixcls]mr  CCl)?~ with dark ratcsgrcatcr

than r clcctrolls/]Jixcl/sccoll(l  call  bc approxilnatcd  by the })owcr  law: n = no x (r/ro)- 7, for r > ro
with ~ w 1. Following the change to - 88°C CC]) o]mraticm  in 1994 April, no amounted to N400
pixc]s with rates To R 0.02 electrons/pixel/scc or mom. Ncw hot] )ixcl gcncratioll  leads to all incrca.se

in no of about 24 pixels/day. ‘J’hc effect of month] y CC] ) warmup cycles on-orbit (w6 to 12 hours at .
22°C) is to reset most of these to lCVCIS below 0.02 electrons/pixcJ/scc. ‘J’hc background] dark rates
for unaffected pixels is about 0.003 clectrolls/pixel/scc at --88° C. ‘J’hc standard correct  ive measure
is to usc up-to-date dark cx])osur[!s  for map])ing atld subtraction] of the excess signal in not ])ixcls
during analysis. I+cqucnt  updates of the CC] I hotpixcl maps arc required for data calibration.
Currently, long (1800 SCC) dark cx])osurcs arc taken about 20 times I)cr Inonth.

A parallc]  CYJ’I’I prob]cm was idcntificcl in photometry of a star fickl  wit]]  multiple pointings,  man-
ifesting  itself as a diffcrcncc in a])parc!nt  star bl iglltncss  as a fmction  of CC])  row ]mmbcr.  ‘J’hc
]Jhotomctry  of individual stars varied as Inucl]  as 4 $ZO bctwccm rows 1 and  800 on a given CC]) in
--88° operation. ‘1’his lm been investigated both in WFI’C2  calibration observations on-orbit and
in laboratory cx]wrimcnts  with identical CCIXS.  It is caused by clcctro~l  traps in the CC])  silicon,
numbering a fcw pcr pixel, cac}l ca])ablc  of trap])ing  a single clcctroll wit]] a binding  energy of
a fraction of an electron volt. Charge is rclnovcd  from the image during the CC])  readout in a
manner that is dependent on both star briglltmss  and sky background ICVCIS. It is seen lnost clearly
in images of bright  stars  in a dark field, but is not seen in fields of faint stars against a comparably
bright background, nor is it seen in flat field illlagcs. A sim])lc corrective algorithm based on our
knowledge of single-electron traps has bee]] devised allcl validated against Akm starficld  ]dlotomc-
try and  laboratory simulation data. ‘J1lIC accuracy of tl]c corrcctio]l sl)ould bc no worse! than  N] Yo
in - 88° C data. As a standard cormctivc  ~ncawlrc,  the C’J’I’1  corrective algorithm can bc USCCI to
estimate tllc importance of scc]lc-dc])cl-]clcl]t  C’J’I’;  cfl”ccts  ill a given image,  and tllcn used to make
tllc corrections only if required.

4. l’hohmctry

Our  design goals for ])llotomctric  accuracy arc 1 % ill all filters, which iln])]ics  that tllc rc]ativc
rcs])onsc ill all 8002 pixels ])cr CC]) bc know’]] to coml)arable  ])rccisioll  in flat field images take))
t,llrougll  each of the 48 filters. Success i]) this area is dc]~cndcnt  o]] detailed knowledge of CC])
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clmactcristics,  sifyal  cl)ain, filters, ant] optical ]mforlnalm. ‘J’l)c  ol)-orl)it  calil}ratiol]  ])ro!,ram is
fu~]damclkal  to the accuracy of WI’’I’C2 Jdmtometry, and t]m USCI’  is advised to seek tllc latest
information from the instrumcnlt  databases lnailltaixlcd by tllc S’1’Scl.

l{cvisicms have km made to tllc set of 48 optical filters, bawd  on considerations of the cffcctiwmcss
of tlic W1’’/C’C filter set in scicllce  ]Jro.grains, am] as ddi]mcl  in a nu]nbm of science workslmps and
technical rcvicwsc ‘J’hc filter set provic]cx cont,imity  with the WJ’’/C’C ‘UIIVI{I’ in the F33GW,
F439W,  Y555W, F675W,  and 1“814W scqucncc. Calibration) of tllcse filters against W1’’/C’C  axld

Jol]nson  Cousins photometric systc~os is in ]nogrcss. ‘J1lm ‘Wide UIIVJU’ Wlr/I’C ])llotomct]  ic
filters arc included and cxtcnclcd  into the far UV. An cxpcrimcnta]  ‘Wood’s filter’ has been added
to tllc far UV filter complcmcllt,  using,  tlm the o])tical ]wo])crties  of a thin metallic sodium film
to Imoviclc a broad  solar-blind lJV passband (0.12- 0.21 pm)  with strong  su]qmcssion  (10’ 8 or
mom)  of longer wavelengths. Narrowbancl filters were manufactured for stable and accurately
unifon?~  spectral I)rofilcs  over tllc filter clear apcrturm. ‘J’l]c narrowbancl set )1OW i n c l u d e s  a  linear .

variable filter  which provides a passband  FWIIM  dA/A = 1 YO over a 0,37-0.98 ILIJI wavelength ran.gc.
Strti]ngrcn  uvby filters have also been aclclccl.

WF1’C2  sensitivities have been measured in photometry of tiCcn  cluster stars ancl a number of [JV
flux standard stars.  ‘J’he upclatccl sensitivities lNWC been incorpolatcd  in the l)hotomctry  tables in
Version 2.0 of the W1’J’C2 Users IIanclbook, but  calibration activities arc ongoing. Sensitivities
sllortward  of 0.3 pm arc lower than predictions publisl]cd ill Version 1.0 of WFI’C2  Users IIandt)ook,

wllicll went to press prior to the WICI’C2 systcm lCVC1  tests in 1993 A]mil- May. g’llcy am generally
consistcmt with cxpcctatioljs  following a)lalysis  of ‘J’V’J’  clata.

‘J’hc i~ltrinsic  CC])  response is unifor]n within a fcw pcrccnt,  wit}]  the cxcc]iion  of a manufacturing
])attcrn  defect  which gcncratcs  a w370  rcduct,iol)  in Q]’; in onc out of cvmy  34 rows. ‘J ‘his pattcml

is identical in all CCI)S. Initial pi])clinc  flat fields were derived for all WII’I’C2  filtc!rs  by combining
hig}l  spatial frequency (pixel-to-pixc]) Q}’; maps from I’V’J’ data, and the low and mid spatial

frccplcncy components (clue to vignetting variaticms  cnm the ficlcl  of view) from “J’V’J’  data acljustccl
with models of the OrJ’A. ‘1’hc high spatial frequency flat field component seen in on-orbit data is
within 0.5°/0 c)f that seen during; the ‘J’V’J1.  ‘J’hc low al]d loicl  s])atial  frcc]ucmcy flat flcld com])oncnts
arc csscntial]y  wavclcl]gtll-il]  clc]~crl(lcllt,  ancl have bmm derivccl  from on-orbit }’;arth-pointillg  ilnag,cs
(1’;art,h  flats) in four narrowbancl  filters. ‘J’hc S’J’SC1  calibration clatabasc was updated ON t}lc imis
of ‘J’VrJ’  fiat ficlcls  corrcctccl  with  the o~ l-orbit low frccluc!ncy  data in mid-March. Flat ficlcls  longward
of 0.3 if.m am bclicvcd accurate to ~1 %. l’lat fields sllortwarcl  of 0.3 ~~m cannot I)c vcrificcl  directly,
since far UV ]~~artll flats are significal]t]y  afl’cctcd by filtm rcsiclual  filter tllrougll])ut,  lont,warc]  of 0.3

l~]n.  g’llc flat ficlcl  data arc unaflcctcd  by tl]c ]Jarallcl  C’J’1’;  ])roblc]n  discussed ill tl]c ldlotcmctry
section. ‘J’hc [!vidcnt  rcl)catability  of tllc llif,ll frcqucl]cy  flat field features a]ld tllc stability of the
o]hical  alignment clcmonstratc  that tllc Wlrl’C2  flat fields arc ‘calibratablc) to witllill  1 Yo. l’hrthcr
lninor  rcfincmcmts will  undoubtable bc nladc fo]lcnvill!,  f~lrtll(!r analysis ant] cxlm’icncc on-orbit.

‘J’llc instrument t]]rouf’,h]mt  s]]ortward of ().3 Inn is cxtrc!lnc]y  S(!nsitivc  to lnok!cu]ar  vapor condcll-
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satioll  on the cold field flattcmcr  whldow of tl]c CC]) ]mckar;c, (;[)lltal]lillatio~l  rates ill Janllary

at tl]c - 78°C sct])oint caused a dccrcasc ill tlmuF~IImt at 0.17 Inn at a rate of N1O% IWr n~olitl].
‘.i’his initial  rate dccrcased to a fc!w% I)crmontl]  at 0.17 lfln af~cr tl)rcc lnol]tllsof  o])cration.  ‘1’IJc
new - 88° C sct]~oint caused the c.outa)nimtion  rate to i]lcreasc  lo-fold in April, to a~l initial rate
of ~20Yo ])cr lnonth. 1]1 all CMCS,  tllc lnonthly CC]) tllcrlnal  cycles accurately reset, timfal lJV

tlmougllput  tothc  initial (1993 IIccclnbcr)  conditions, indicating  that tllc all lllolcclllar cc)l~tal~lilla-
tioll cxlmricnccd  on-orbit cleans u]) coln]dctc]y  ill less than  6 I1OWX at -1’22° C. l’hotomctry  in tllc
far UV requires knowledge oftllc conta)nination  state ald tlimugliput  levels at tllc. t,imc  of cac]i
observation, ‘J’his  knowledge is ]Jrovidccl  by ])criodic  observations of (JV flux standard stars.

All WI’’1’C2  Servicing Mission Obscrvatory  Verification (Sh40V)  scicncc  calibration pro]) osals ran
to completion in May, and the longer  term Cycle 4 cal ibratiom  hcgau. ‘JIIIC  ongoing Cycle 4 cal-
ibrations inc]udc periodic photometry of star fields (ti~Ccll  ancl  UV flux stasdarcl  stars), flat flcld
cal ibrat ions (1’;arth  ‘streak ) flats lon~,watc]  of 0.3 pm and star trails for UV flats), intcrna]  mm- .

itors  (CC])  bias frames, ilkcrnal]y  gcmcratcd flat fields), alJd monitoring of the lJV tllrou~,lq)ut
levels with standard star observations. Characterization and calibration activities rclnain  an ong,o-
illg  collaboration between the WY’I’C2  investigation IJcfil)itiol)  ‘J’cam  and tl)c W1~l’C2  illstrunwnt
scientists at the SrJ ‘SC],

~ . summary

‘J’hc WI”} ‘C2 MS cony JIctcd  its first six months of o] )cration following the uljblc scrvicinp;  mission
in 1993 l)cccmbcr. g’hc instrument  is  in cxccllcnt  lmalth a~ld calibratio~) of the instrurncnt, is
converging as expected. Wc look forward to a rich harvest of ncw scicncc  obscrvatiom  as the
11 ubblc  astronomy community makes usc of its Ncw facility on-orl)it.

‘J’llc W}”] ‘C2 instrumc~it was maclc  possible t]mough  tl)c dcc]icatcd  and skillccl  efforts of nlally indi-
viduals who carried out the cnginct!ring  and imtrumcnt  manufacture at Jcf, l’ro])ulsion laboratory,
])rojcct  lnanagcmcnt  at the Goddard S])acc Flight Center, operations ])lanlling  at tl]c S]~acc ‘J’clc-
scopc Scicncc ]nstitutc,  and overall ])rograln  lna~lagcmcnt  at NASA })caclcluartcrs.  Scicucc ovm-siglk
was prcwidcd by the WII’1’C2 11 YJ’ a]d a number of scicncc  advisory working grou  IN.
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